Risk factors for late stroke after coronary artery bypass grafting  by Schachner, Thomas et al.
Surgery for
Acquired
Cardiovascular
DiseaseRisk factors for late stroke after coronary artery bypass
grafting
Thomas Schachner, MD, Anne Zimmer, Georg Nagele, MD, Guenther Laufer, MD, and Johannes Bonatti, MD
A
CDFrom the Department of Cardiac Surgery,Innsbruck Medical University, Innsbruck,
Austria.
Received for publication Nov 8, 2004; re-
visions received Dec 6, 2004; accepted for
publication Dec 23, 2004.
Address for reprints: Thomas Schachner,
MD, Innsbruck Medical University, Depart-
ment of Cardiac Surgery, Innsbruck, Austria
(E-mail: Thomas.Schachner@uibk.ac.at).
J Thorac Cardiovasc Surg 2005;130:485-90
0022-5223/$30.00
Copyright © 2005 by The American Asso-
ciation for Thoracic Surgery
Dr Schachnerdoi:10.1016/j.jtcvs.2004.12.038Background: Postoperative stroke is a severe complication immediately after cor-
onary artery bypass grafting, and it significantly deteriorates the postoperative
quality of life if it occurs in the long term. It was the aim of our study to determine
factors associated with the occurrence of new strokes during long-term follow-up
after coronary artery bypass grafting.
Methods: From 387 of 500 patients undergoing coronary artery bypass grafting
(age, 67 years [33-84 years]; 76% male) who had intraoperative epiaortic ultra-
sonography for assessment of ascending aortic wall thickness, a complete follow-up
regarding postoperative stroke was achieved. The median follow-up time was 52
months (9-74 months).
Results: A stroke occurred in 26 (7%) of 387 patients, and the cumulative freedom
from stroke was 99%, 95%, and 89% after 1, 3, and 5 years, respectively. A
significantly lower freedom from stroke was present in patients with an age of 70
years or more (P  .007), preoperative unstable angina (P  .031), chronic
obstructive pulmonary disease (P  .009), carotid artery disease (P  .001),
preoperative history of neurologic events (P  .001), and a maximum ascending
aortic wall thickness of 4 mm or more (P  .010). Multivariate analysis revealed
preoperative history of neurologic events (P  .021) to be an independent risk
factor.
Conclusion: Patients with ascending aortic atherosclerosis, older age (70 years),
preoperative unstable angina, chronic obstructive pulmonary disease, and carotid
artery disease are at risk for late postoperative stroke after coronary artery bypass
grafting. A history of neurologic events is of special predictive importance.
Stroke is one of the leading causes of death in the United States and Europe,and it is one of the most serious complications after coronary artery bypassgrafting (CABG). Several risk factors for stroke in the general population are
known. On the one hand, nonmodifiable risk factors exist, such as age, male sex, and
family history of stroke. On the other hand, some risk factors can be modified by
treatment (eg, hypertension, smoking, and hyperlipidemia).1-17 The occurrence of
stroke as a perioperative complication of CABG ranges between 1.1% and 3.8% in
the literature. The hospital mortality rate in these patients is as high as 14% to 21%,
which is a 10-fold increase compared with that seen in patients undergoing CABG
without strokes.18-23 In the Arterial Revascularization Therapies Study a 1.6% rate
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CDof cerebrovascular accidents was found at 1 year after
CABG.24 Many risk factors for early stroke after CABG
have been demonstrated, and we have previously shown that
epiaortic ultrasonography can influence the perioperative
stroke rate if operative strategies are modified.25 However,
less is known about risk factors associated with long-term
stroke rates after CABG.
Atherosclerosis of the ascending aorta and the aortic arch
is associated with the occurrence of perioperative stroke,
and the most sensitive method to detect and quantify as-
cending aortic atherosclerosis is epiaortic ultrasonogra-
phy.3,7 In a previous study we found that ascending aortic
atherosclerosis increases with age and is associated with
various pathologies (eg, increased serum creatinine levels,
atherosclerosis of the descending aorta, and hypertension).5
It was the aim of our study to determine risk factors for
late postoperative strokes in patients who underwent as-
cending aortic evaluation by using epiaortic ultrasonogra-
phy during CABG.
Patients and Methods
Of 500 hospital survivors who had undergone epiaortic ultrasonogra-
phy during CABG from 1998 through 2003, follow-up data of 395
patients could be obtained. In a telephone interview the occurrence of
postoperative new strokes was collected from the patient or the
referring physician. Patients with a perioperative stroke were ex-
cluded. Preoperative patient characteristics are shown in Table 1. All
TABLE 1. Preoperative and operative data of 395 patients
undergoing epiaortic ultrasonography during CABG and
long-term stroke follow-up
Variable
Percentage of
patients or
median
values
Age (y) 67 (33-84)
Male sex 76%
Body mass index 26 (17-37)
Chronic obstructive pulmonary disease 10%
Diabetes mellitus 23%
Hypertension 76%
Increased serum creatinine level (1.2 mg/dL) 26%
Peripheral vascular disease 16%
Preoperative history of neurologic events 7%
Carotid artery disease 19%
Preoperative unstable angina 20%
Previous cardiac surgery 4%
No. of distal coronary anastomoses 3 (1-5)
Preoperative EuroSCORE 4 (0-18)
Maximum ascending aortic wall thickness 4 mm 26%
The EuroSCORE is a prediction system of early mortality in patients
undergoing cardiac surgery and was applied as described by Nashef and
coworkers.26patients received aspirin in the hospital postoperatively.
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Ascending aortic atherosclerosis was quantified at the time of
operation by means of epiaortic ultrasonography in all patients.
After sternotomy and opening of the pericardium, the maximum
ascending aortic wall thickness was measured with a linear ultra-
sound probe, as previously described.5
Stroke was defined as any neurologic impairment of motor,
sensory, or cognitive function that persisted for more than 24 hours
or was associated with death and that could not be explained by
other neurologic causes (ie, postoperative delirium, dementia, and
head trauma).
History of neurologic events was defined as preoperative his-
tory of transient ischemic attack or stroke.
Carotid artery disease was defined as the presence of carotid
artery stenosis of 50% or more, carotid artery occlusion, or status
after carotid endarterectomy. All patients underwent ultrasonogra-
phy of the carotid arteries preoperatively.
Chronic obstructive pulmonary disease was defined by long-
term use of bronchodilators or steroids for lung disease and by
significant findings in preoperative spirometry, which was per-
formed in all patients of this series.
Peripheral vascular disease was defined as the presence of
intermittent claudication or previous or planned intervention on the
abdominal aorta or limb arteries.
Unstable angina was defined according to The Society of
Thoracic Surgeons database as follows: rest angina, new onset (2
months) of Canadian Cardiovascular Society Class (CCSC) III,
recent (2 months) acceleration in pattern and increase of one
CCSC class to at least CCSC III, non-Q-wave myocardial infarc-
tion, and postinfarction angina (24 hours).
Hypertension was diagnosed if a systolic blood pressure of
greater than 140 mm Hg or a diastolic blood pressure of greater
TABLE 2. One-, 3-, and 5-year rates of patients who were
free from new stroke after CABG, depending on different
risk factors
Factor (no. of patients at risk)
1 y
(n  379)
3 y
(n  313)
5 y
(n  126)
All patients 99% 95% 89%
Age 70 y at operation 99% 91% 79%
Age 70 y at operation 98% 97% 94%
Chronic obstructive pulmonary
disease
100% 88% 53%
No chronic obstructive pulmonary
disease
98% 96% 91%
Ascending aortic wall 4 mm 97% 89% 84%
Ascending aortic wall 4 mm 99% 97% 91%
Carotid artery disease 97% 84% 70%
No carotid artery disease 99% 98% 94%
History of neurologic events 96% 65% 65%
No history of neurologic events 99% 97% 91%
Unstable angina before operation 97% 85% 85%
No unstable angina before
operation
99% 97% 90%than 90 mm Hg was documented, if the patient was currently
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of hypertension.
Statistical Analysis
Statistical analysis was carried out with SPSS 10.0 software.
Continuous variables are presented as median (minimum-
maximum). Categoric variables are given as percentages. For
calculation of freedom from stroke, Kaplan-Meier curves and life
tables were used. Factors associated with freedom from stroke
were calculated with the log-rank test. A multivariate, stepwise
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Figure 1. Freedom from stroke of 387 patients undergoing epiaor-
tic ultrasonography during CABG. Note the decreased rate in
patients with an age of 70 years or more.
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Figure 2. Freedom from stroke of 387 patients undergoing epiaor-
tic ultrasonography during CABG. Note the decreased rate in
patients with preoperative unstable angina.
The Journal of ThoraciCox regression analysis was conducted to determine independent
predictors of long-term strokes after CABG. The criterion for a
variable entry into multivariate analysis was a univariate proba-
bility level of less than .05. A P value of .05 was considered
significant.
Results
Moderate-to-severe atherosclerosis with a maximum as-
cending aortic wall thickness of 4 mm or more, as deter-
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Figure 3. Freedom from stroke of 387 patients undergoing epiaor-
tic ultrasonography during CABG. Note the decreased rate in
patients with a maximum ascending aortic wall thickness of 4
mm or more.
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Figure 4. Freedom from stroke of 387 patients undergoing epiaor-
tic ultrasonography during CABG. Note the decreased rate in
patients with chronic obstructive pulmonary disease (COPD).
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CDmined at the time of operation by means of epiaortic ultra-
sonography, was present in 101 (26%) of 387 patients.
During the follow-up period of 52 months (9-74 months),
a postoperative new stroke occurred in 26 (7%) of 387
patients. The number of patients at risk was 379, 313, and
126 at 1, 3, and 5 years, respectively. The cumulative
freedom from stroke was 99%, 95%, and 89% after 1, 3, and
5 years, respectively (excluding perioperative strokes).
Table 2 shows 1-, 3-, and 5-year rates of freedom from
stroke depending on different risk factors.
The following risk factors were significantly associated
with a lower freedom from stroke: age of 70 years or more at
the time of the operation (P  .007, Figure 1), preoperative
unstable angina (P  .031, Figure 2), maximum ascending
aortic wall thickness of 4 mm or more (P  .010, Figure 3),
chronic obstructive pulmonary disease (P  .009, Figure 4),
carotid artery disease (P  .001, Figure 5), and preoperative
history of neurologic events (P  .001, Figure 6).
In the multivariate Cox regression model a preoperative
history of neurologic events (P  .021) was found to be
independently associated with a decreased freedom from
stroke after CABG (Table 3).
There was no significant association between previous
cardiac surgery (P  .727), preoperative increased serum
creatinine levels of greater than 1.2 mg/dL (P .985), male
sex (P  .594), hypertension (P  .472), diabetes mellitus
(P  .421), body mass index of less than 30 (P  .086),
peripheral vascular disease (P  .057) and freedom from
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Figure 5. Freedom from stroke of 387 patients undergoing epiaor-
tic ultrasonography during CABG. Note the decreased rate in
patients with carotid artery disease.stroke.
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Aortic arch atherosclerosis has previously been identified as
a risk factor of stroke.1-3 Atherosclerosis of the ascending
aorta is associated with a patient’s history of neurologic
events4,5 and with perioperative strokes in patients under-
going cardiac surgery.6 In the present study we found as-
cending aortic atherosclerosis to be associated with the
long-term occurrence of stroke after CABG. This is in
accordance with findings from Davila-Roman and col-
leagues,7 who showed a freedom from stroke of 82% in
patients with severe ascending aortic atherosclerosis at 5
years postoperatively in a mixed cardiac surgery population.
We found an inverse relationship between increased age
and freedom from stroke after CABG. This is in agreement
with other authors who found an association between age
and stroke in the general population.8,9 In the Arterial Re-
vascularization Therapies Study increasing age correlated
with major adverse cardiac and cerebrovascular events at 1
year after CABG.27 One explanation for this fact might be
the increase of risk factors (eg, diabetes mellitus and hy-
pertension aortic atherosclerosis) that accompanies the ag-
ing process and progression of cerebrovascular disease.
In our study we found that patients with a history of
neurologic events are at higher risk of a postoperative stroke
than patients without a history of neurologic events. This is
in accordance with the results of other authors, who found
that patients who experience a transient ischemic attack or a
stroke carry an increased risk of a consecutive (recurrent)
stroke.10,11
Interestingly, we found that patients with preoperative
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Figure 6. Freedom from stroke of 387 patients undergoing epiaor-
tic ultrasonography during CABG. Note the decreased rate in
patients with a preoperative history of neurologic events.unstable angina had a decreased postoperative freedom
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unstable angina. One pathophysiologic pathway might be
the association between inflammatory processes and unsta-
ble angina. This can be explained by the evidence of active
inflammation with accumulation of macrophages at sites of
plaque rupture. Plaque rupture and thrombosis are respon-
sible for about 50% of cases of acute coronary syn-
dromes.12,28 On the other hand, chronic inflammation is a
major pathologic feature of atherosclerosis, and atheroscle-
rosis is a major cause of stroke.9 In addition, Ascione and
associates19 and D’Ancona and coworkers22 found that un-
stable angina is a risk factor for perioperative stroke after
CABG.
In our series patients with carotid artery disease had an
increased postoperative occurrence of stroke. This result is
comparable with those of other authors, who found that
atherosclerotic disease of the carotid arteries is associated
with stroke.9,13-16 Handa and colleagues15 found that pa-
tients with a high-grade carotid artery stenosis (70%) had
a 21-fold higher risk of stroke than those without such
stenosis.
Roach and associates18 found a more than 2-fold inci-
dence of perioperative neurologic events in patients with
pulmonary disease undergoing CABG compared with pa-
tients without pulmonary disease. We found chronic ob-
structive pulmonary disease to be associated with a de-
creased freedom from late strokes.
Another finding in our study was that patients with
peripheral vascular disease had a strong trend toward de-
creased postoperative freedom from stroke. Rihal and
coworkers17 found a higher rate of neurologic complica-
tions immediately after CABG in patients with peripheral
vascular disease, but this group included patients with ex-
tracranial cerebrovascular disease. Furthermore, Bucerius
and associates21 identified peripheral vascular disease as an
independent predictor of perioperative stroke in patients
undergoing cardiac surgery. In a previous study we could
demonstrate the association between peripheral vascular
disease and ascending aortic atherosclerosis.5
Diabetes mellitus is a known risk factor for stroke in the
general population.9 There are controversial results regard-
ing diabetes as a risk factor of perioperative stroke in
patients undergoing CABG, with studies that found diabetes
as a risk factor22,23 and studies that did not.19 However, in
our series we found no significantly increased stroke rate in
patients with diabetes mellitus.
Actually, we also found no association between gender
and postoperative stroke rate. Gender as a risk factor for
stroke varies in the literature. On the one hand, male gender
is a known risk factor of stroke in the general population.9
On the other hand, Hogue and coworkers6 found female
gender to be a risk factor for perioperative stroke in patients
undergoing cardiac surgery.
The Journal of ThoraciAn interesting aspect in all figures is that the divergence
of the lines seems to increase at around 24 months. One
explanation could be the closer contact to the internist or
family doctor earlier after the operation, resulting in detec-
tion and treatment of common risk factors of stroke.
For the therapeutic implications of our data, further stud-
ies are necessary to find out whether the patients at risk for
stroke after CABG might benefit from rigorous treatment of
modifiable risk factors (eg, hypertension, smoking, and
hyperlipidemia).
In the patients with unstable angina, increased awareness
of long-term strokes after CABG is warranted. Early clinical
signs have to be taken seriously, and an early diagnosis of
inflammatory activity could theoretically be helpful.
Another question is whether oral anticoagulation would
be beneficial in patients undergoing CABG with severe
ascending aortic atherosclerosis. Studies in a general popu-
lation of patients with this disease have demonstrated that
the long-term freedom from stroke can be reduced if oral
anticoagulants are taken.29,30
Our results suggest that ascending aortic atherosclerotic
wall thickening, in addition to advanced age (70 years),
carotid artery disease, and chronic obstructive pulmonary
disease, is associated with an increased stroke rate during
the first postoperative years after CABG. A history of neu-
rologic events is of special predictive importance.
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